Introduction
In developed countries, tetanus is very rare, with an incidence of 1 of 1,000,000/year [1] . Eight hours up to weeks after inculcation of C. tetani, nonspecific clinical symptoms start with fever, abnormal fatigue, double vision, and vertigo. Later classical symptoms, such as trismus, dysphagia, and opisthotonus, occur [2] , which should lead to the diagnosis. This characteristic muscle hypertonicity results from the missing alpha-motoneuron inhibition in the brainstem and the spinal cord. The underlying mechanism is that the tetanus toxin cleaves the synaptobrevin [3] , a protein necessary for the vesicular release of neurotransmitters. Tetanus toxin specifically acts on inhibitory synapses in Renshaw cells in the spinal cord [4] and a similar cell population in the brainstem.
Tetanus is a disease, which is mainly diagnosed by its typical symptoms. Likely because tetanus is a very rare disease, additional diagnostic testing is recommend to confirm its diagnosis. Recommendations include animal transfer, microbial culture of tissue samples, and serological testing [5] . The sensitivity of these tests, however, is limited. For the outcome, immediate active and passive immunization against tetanus toxin as well as supportive treatment is most important. Although the antiserum will have an effect only on circulating and unbound toxin, it is recommended [6] .Even in our times, the management of patients with tetanus is challenging, one-third of the infected die [1] .
Here, we describe a case of severe tetanus with successful therapy including prolonged intensive care and highdose magnesium sulfate and its diagnostic pitfalls, due to missing sensitive and specific paraclinical tests.
Case Presentation
A 79-year-old woman was injured in her right forearm while gardening. Six days later, she developed progressive generalized hypertonicity of muscles, lockjaw, and dysphagia. Four days after the first symptoms, she was admitted to a general hospital and was seen by the consultant neurologist who diagnosed tetanus, undertook both active and passive immunization, and transfer to our neurologic intensive care unit. The patient never had had a tetanus vaccination. Her medical history was remarkable for arterial hypertension and slight cardiac insufficiency.
At admission, she had opisthotonus and neck stiffness, trismus, dysphagia, and generalized, startle inducible hypertonicity of all muscles; muscle tendon reflexes were exaggerated. Muscle spasms were more pronounced in the lower limbs and on the side of the primary wound, which showed no signs of wound infection. Severe dysphagia and reduced coughing strength led to intubation on day 5 after the onset of symptoms.
All laboratory tests for tetanus, including culture of wound probe, serum toxin detection, and mouse test were negative. The diagnosis of tetanus was questioned, and further diagnostic testing was performed. First, a blink reflex was performed for a brainstem lesion was considered. Brainstem lesions can lead to plus symptoms such as spasms of facial muscles seen, for example, in Brissaud-Sicard syndrome [7] , caused among others by ischemic stroke [8] . Also in inflammatory diseases, such as multiple sclerosis, facial myokymia as a plus symptom for a pontine tegmental lesion occurs [9, 10] . Surprisingly, no responses in blink reflex were elicited, although spontaneous eye blinking was seen in our patient (Fig. 1A) and plus symptoms such as trismus were apparent. Similarly, the amplitudes of the compound muscle action potentials (CMAP) were massively reduced or absent in motor neurography of nervus (N.) medianus, N. peroneus, and N. tibialis. A more accurate characterization of the neuropathy was not performed. Further neurophysiologic tests corroborated the diagnosis of tetanus: pathological masseter inhibitory reflex, also known as jaw-opening reflex, with a missing silent period, as sign of increased motor neuron excitability (Fig. 1C) , and a monomorphic late response of the M. flexor digitorum resembling an H-reflex (Fig. 1E) [11] . The bilateral loss of the blink reflex led us to rule out a brainstem lesion by cerebral MRI; cerebrospinal fluid was normal (including total cell count, cytology, total protein level, albumin level and its quotient, lactate concentration, concentration for immunoglobulin G, A, and M as well as its quotient and missing oligoclonal bands).
Initially, the patient was treated with metronidazole for 8 days. After intubation, narcotics (midazolam, diazepam, propofol, esketamine) were used until the hypertonicity of muscles stopped. Rising liver enzymes led to the termination of diazepam and propofol and reduction in midazolam to 15-20 mg/h after 2 weeks. Consecutively, muscle stiffness increased dramatically. Thus, high-dose magnesium (targeted magnesium level: 3-4 mmol/L), which causes a presynaptic block of the neuromuscular transmission [12] , was given for 9 weeks to normalize the muscle tonus successfully. For better evaluation of her neurologic status, midazolam was replaced by propofol (80-100 mg/h). Repeated examination of the masseter inhibitory reflex monitored the stage of recovery: after 10 weeks, the silent period returned (Fig. 1D) . Consequently, the magnesium sulfate infusion was stopped. Because her muscle tonus was normal at that time, the sedation with propofol was also stopped. One week later, the R2 components of the blink reflex returned (Fig. 1B) . The patient was transferred for neurorehabilitation and further training. From rehabilitation, she was discharged without paresis or muscle contractures, still having mild gait ataxia, being able to walk safely with a walking frame and self-dependent in most of her daily activities.
Discussion and Conclusion
Misleading in this case was the missing blink reflex, despite of clinical plus symptoms of the brainstem. The toxin inhibits release of inhibiting neurotransmitters [4] , so we had expected exaggerated responses in blink reflex. In our case, MRI excluded a visible brainstem lesion. Additionally, cerebrospinal fluid was normal. During the recovery, the blink reflex returned (Fig. 1B) . As the first examination was performed before magnesium was given, the magnesium sulfate infusion can be ruled out as the cause for the lost blink reflex. Being vulnerable to anesthesia, the blink reflex was examined after a sedation pause of more than 5 h. During the first 2 weeks, the blink reflex was repeated frequently after pausing sedation and always missing on both sides. One explanation for the lost blink reflex could be a neuropathy, which is known to affect also facial nerves in severe tetanus [13] . The results of the motor neurography underline this theory. But because eye blinking was possible, other unknown causes seem to be possible. The combination of clinical plus symptoms of the brainstem and a missing blink reflex could possibly help to confirm the diagnosis of tetanus and rule out other differential diagnosis.
Known pathognomonic neurophysiologic findings in tetanus are a missing silent period of the masseter inhibitory reflex and monomorphic late muscle response [11] . These tests are easy to apply and helpful to confirm the diagnosis. Additionally, we found the masseter inhibitory reflex useful to monitor the recovery (Fig. 1C and D) and to determine the time point to end magnesium sulfate infusion and sedation.
Finally, we want to outline the positive experience with high-dose magnesium sulfate in long-term therapy to reduce muscle tonus. Our positive experience is not confirmed by a meta-analysis, comparing treatment with magnesium sulfate, diazepam, and placebo in patients with tetanus [14] . One explanation is that the functional outcome of the patients was not studied, nor was differentiated by disease severity.
Nevertheless, we strongly recommend magnesium sulfate infusion for treatment of severe tetanus; we think the reduction in muscle contractures to be important for the quality of life and the functional outcome after tetanus infection.
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